Although there is now a considerable literature dealing with the use of sulphonamides in many diseases, there are few articles on their use in infancy. Some authors, e.g. Leathart (1943 ), Field et al. (1943 , Patterson and Stewart Smith (1944) , mention, sometimes in a rather unenthusiastic manner, that sulphonamides were given' but supply no details. The material of present study consists of 415 infants under the age of ten months who suffered from some infection and were, for the most part, treated with' one of the sulphonamide group of drugs. An attempt has been made to assess the value of these drugs in such infections. Meningococcal meningitis and gonorrhoeal ophthalmia have not been included. The cases were treated in Alder Hey Childrens' Hospital, Liverpool, which deals with approximately 1000 infants per annum and in Walton Hospital, Liverpool, which has a large maternity department. The latter department dealt with 3700 confinements in 1943 and one part of this investigation was made possible by the unfortunate occurrence of an outbreak of neonatal gastroenteritis.
Scheme of treatment. In order to standardize treatment in the two hospitals it was decided to employ the following doses by mouth: for mature infants, an initial dose of 0 75 gm. to 1 0 gm., followed by 0 5 gm. four-hourly; and for premature infants an initial dose of 0 5 gm. followed by 0-25 gm. three-hourly. This is the system of dosage advocated by Henderson (1943) for sulphaguanidine.
Glucose-saline was given in the early stages of the illness to assist in the elimination of the drug and to overcome dehydration if present. In more severely dehydrated infants continuous intravenous drip salines were administered as required. It Sulphonamidecream.
Classffication of results. The classification of the results of an investigation such as this is a difficult problem. Three methods suggest themselves.
(1) BACTERIOLOGICAL. Bacteriological classification would obviously be the most satisfactory method. Unfortunately bacteriology in infantile infections is inconclusive and therefore does not commend itself as a basis of classification. For example, the bacteriology of the faeces in cases coming under the title of ' gastroenteritis ' is highly unsatisfactory; swabs from discharging ears almost invariably give a mixed growth; specimens of urine are often difficult to obtain and in pneumonia bacteriological investigations are not practicable.
(2) CLINICAL. Classification according to disease is a suitable method as far as it goes. Unfortunately its success depends upon individual interpretation of clinical signs, which is notoriously diflicult in infancy. Certain infections are much less common than others and even when cases are grouped together the numbers are too small to be of statistical significance. POST-MORTEM FINDINGS. Two of the deaths took place three months and eleven days respectively after recovery from the attack of enteritis. In the first of these bronchopneumonia and right acute otitis media were found at post-mortem examination; and in the second, which was 3 lb. 10 oz. at birth, no cause other than prematurity was found.
In a third case permission for examination was refused. Of the seven remaining cases five had bronchopneumonia, accompanied in one case by bilateral acute otitis media which did not seem to be a secondary occurrence. The sixth case was a premature infant of 4 lb. 1 oz. at birth, which was found to have right acute otitis media. The seventh case was the one which became oedematous. This infant had been very ill from the outset and was found to have right acute otitis media, left empyema, and pus in the right sternoclavicular joint, the organism being a staphylococcus. Section of the kidney showed no evidence of blockage by crystalline deposits of the sulphonamide. (1943) 22 severely dehydrated cases, the case fatality was 45*5 per cent. and he reports little effect from the drug. He also reports no benefit from sulphaguanidine. Lewes (1943) reports a case, ultimately found to have bilateral mastoiditis, in which two courses of sulphasuxidine had no effect.
The views on this matter are therefore conflicting, possibly due to some epidemiological difference in the outbreaks described. From the present series it would seem that the total death rate can be reduced to some extent but the treatment must be begun as soon as possible since in severely affected infants these drugs appear to exert little benefit.
(1) Enteral infections (b) Gastroenteritis in older infants. In this group there are 24 cases and again the drugs employed are sulphaguanidine and sulphasuxidine. The group also contains a number who had no chemotherapy. The PROGRESS OF THET DISEASE. Duration of pyrexia. In those who were pyrexial temperature remained elevated for two to five days.
Stools. The stools became normal in one to twenty-three days (average six days).
Dehydration. This was severe in five cases and intravenous fluids were given.
Weight. All but the infant who died gained weight satisfactorily.
BACTERIOLOGY. Faeces were examined in all cases with negative result in eight. One grew B. Morgan No. 5. COMPLICATIONS OF THE ILLNESS. Three infants developed otitis media, one on the eleventh day, one on the thirteenth day and one on the thirty-first day in hospital.
POST-MORTEM EXAMINATION was unfortunately refused.
Comment
This group of gastroenteritis in older infants is small chiefly owing to the difficulty of finding infants not manife' ing some signs of parenteral infection.
The sulphasuxidine group seems to be the -mildest of the three. There is little difference in the results in the three groups and the impression has been gained that the essential and most urgent aspect of the treatment is adequate treatment of dehydration. Some of the cases gained weight while having the drugs but it is felt that this is due to overcoming the dehydration and not to any virtue of the drugs. The group is too small to allow of a valid pronouncement and further investigation of this type of case is required. group, sulphathiazole group and sulphapyridine group. It is striking that the lowest death rate occurs in the most severe group, which was treated with sulphamezathine. As it happens the mildest group was treated with sulphapyridine and here the death rate is slightly higher than in the most severe group. In the sulphathiazole group the high incidence of severe cases is to some extent offset by the lower incidence of prematurity and neonates, and in the sulphadiazine group the higher incidence of prematurity and neonates is offset to some extent by the lower incidence of severe cases. Sulphathiazole seems to give rather better results than sulphadiazine, and the lowest death rate among the severe cases is in the sulphamezathine group. From this analysis it would seem justifiable to assess the merits of the various drugs in descending order as follows-sulphamezathine, sulphathiazole, sulphapyridine and sulphadiazine. Under one month the death rate is high with all the drugs, i.e. 40 to 60 per cent. Therefore the difference in the total therapeutic result appears to occur among the older infants. Comparing the average total dose it is found that smaller amounts of sulphamezathine and sulphapyridine are required to achieve their results than is the case with the others. Sulphamezathine was found to be well tolerated, non-toxic and to give rapid and satisfactory results. In the neonatal group four cases displayed a mild cyanosis, which (in three who recovered) continued after the acute phase was over and only ceased when the drug was discontinued. This cyanosis was thought to be due to the drug but is not a contraindication to its use. With sulphathiazole the response seemed to be slower, but no toxic manifestations occurred either with sulphathiazole or with sulphadiazine. Sulphapyridine produced more severe toxic results than the others, four becoming very cyanosed and one vomiting frequently. It was also thought that cough and dyspnoea continued longer than with the other drugs. From this series it seems that sulphamezathine is the drug of choice.
Jennings and Patterson (1942) describe eleven cases, nine of whom were under two years of age, all of whom improved in thirty-six hours and all of whom recovered. One relapsed and was successfully re-treated. They also describe satisfactory response in older children. One infant developed a rash after 7 gm. of sulphamezathine and two older children developed rashes, but no other toxic effects were observed. Peters and Easby (1943) describe their experience of sulphamezathine in a group of cases containing 21 patients under two years of age, of whom two died. One child aged two had complete urinary suppression and two others developed ' a curious painless brawny oedema of the whole legs and arms ' thought to be due to some circulatory disturbance. Apart from this they report no toxic effects. Experience of the treatment of pneumonia in older subjects with sulphathiazole is described by Gaisford and Whitelaw (1940) Three cases died, all of whom ultimately required myringotomy. Two originally discharged spontaneously after the drug had been begun and improved, but later became ill again when myringotomy was necessary and pus released. These cases had three courses of sulphapyridine with a total dose of 52 5 gm. and 34-5 gm. respectively, i.e. relapse after apparent recovery occurred. In one case bilateral mastoidectomy was performed and pus found in both antra. No post-mortem examinations were obtained and one of these cases developed severe chicken pox.
No CHEMOTHERAPY GENERAL FIGURES. There were twelve cases, five males and seven females, among whom was one premature infant. Two were in the neonatal period, of whom one died. Ten were older infants. Of the twelve cases, two died.
GENERAL ASSESSMENT. Severe, 4 with 2 deaths (50 per cent.); moderate, 6; mild, 2.
PROGRESS OF THE DISEASE. Vomiting ceased in one to three days.
Diarrhoea. Four had no diarrhoea after the commencement of treatment. One had diarrhoea for seven days but the others continued with periods of diarrhoea for three to seven weeks, progress being very slow.
Dehyration. All except one received fluids by mouth. Of the two who died one received fluids by mouth and the other continuous intravenous drip saline.
Weight loss. All of those who recovered, except one, gained weight satisfactorily.
Pyrexia. Seven were apyrexial throughout. The others were pyrexial for one to four days, average two days. LOCAL TREATMENT. Eleven had glycerin and carbolic acid drops and local heat.
POST-MORTEM EXAMINATIONS. Permission for examination was obtained in the two cases who died. In one, a premature infant, from whose ears pus had been obtained by myringotomy, bronchopneumonia and pus in the left middle ear were found. The second case had been admitted with pneumonia which had improved when the otitis media developed. Permission for a complete examination was withheld and only the mastoids were opened. Pus was found in both antra.
The difficulties in assessing the value of the sulphonamides used are apparent from a study of tables 3 and 4. In table 3 it can be seen that from the point of view of the incidence of prematurity the sulphadiazine group is the most severe. From the point of view of the severity of the illness the groups, unfortunately headed by the two smallest groups, fall into the following order-sulphapyridine, sulphamezathine, sulphathiazole, sulphadiazine and the group with no chemotherapy. Although the group with no chemotherapy is the least severe, the results in this group are not so good as in the sulphamezathine and sulphadiazine groups, the former being one of the most severe groups and the latter containing the highest percentage of premature infants. Sulphapyridine gives the worst results of the drug-treated groups. If the first three are group.bmj.com on November 7, 2017 -Published by http://adc.bmj.com/ Downloaded from ARCHIVES OF DISEASE IN CHILDHOOD arranged according to severity and results the following two columns can be obtained. The drug which keeps highest in both columns is sulphamezathine, which would therefore seem to be the most efficacious drug. Sulphadiazine and sulphathiazole take second place. Unfortunately the sulphamezathine group is a small group and this conclusion is probably not justifiable. On the other hand table 4 reveals that in the sulphamezathine group a high proportion of cases required myringotomy after the drug had been given and in no case did the otitis media settle without discharging. In assessing table 4 the stage which the otitis media had reached when treatment was instituted must be kept in mind. For instance, in the sulphathiazole group a large number of myringotomies were performed simultaneously with administration of the drug because there was obviously pus behind the drums when treatment was begun. Nevertheless the sulphathiazole group contains the highest percentage which settled without discharge of pus and the lowest percentage of those which were given a chance to settle and failed to do so without myringotomy. No spontaneous discharge occurred in the sulphathiazole group but these good points are offset by the higher death rate. From this point of view the next most satisfactory' drug is sulphadiazine, in which group no deaths occurred. Clinically sulphathiazole seemed to have a good effect on the amount of discharge after the necessary myringotomies had been performed and a similar effect was noticed with sulphapyridine. With sulphadiazine there was much less tendency to relapse than with sulphamezathine and the effect of this drug on the general condition and the tympanic membranes was better than with sulphamezathine. Sulphamezathine seemed to exert an improvement on the toxicity of the infants but its local effect on the drums was less than with sulphathiazole or sulphadiazine. From this analysis it 15 6) 
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seems that the best drugs to employ in otitis media of infancy are sulphathiazole and sulphadiazine.
There are few references describing specifically the effect of sulphonamides in otitis media and mastoiditis in infancy. Burns and Gunn (1944) describe four cases of gastroenteritis associated with otitis media and mastoiditis treated with sulphonamides, one, which recovered, with sulphathiazole and three, one of whom died, with sulphamezathine. These cases also received penicillin either locally or systemically so that it is difficult to assess the part played by the sulphonamides. Leathart (1943) mentions the use of sulphonamides but gives no details or impressions. Patterson and Stewart Smith (1944) say that many of their cases were treated with 'adequate doses of one or other of the sulphonamide drugs' but no effect was observed. In a series of 124 cases of infantile diarrhoea and vomiting Alexander and Eiser (1944) found 60 cases of otitis media and in describing their treatment say that after search for foci of parenteral infection ' sulphonamides, chiefly sulphathiazole, were given in large doses' but again no details or impressions of the efficacy of this treatment are given.
Another interesting point deserves mention. Some otologists, for example Dingley (1944) , find that the administration of sulphonamides to older children and adults may lead to masking of serious intracranial complications with disastrous results. This fear need not arise in connexion with infantile otitis media and mastoiditis because intracranial complications are rare. This has been the experience of Southby (1924), and Dodds (1931) , describing a case of infantile mastoiditis which developed purulent meningitis, also comments upon the rarity of intracranial complications. Patterson and Stewart Smith (1944) state that ' subperiosteal abscess should be, and in fact is, a very common complication of mastoiditis in babies ' and that 'extradural abscess and meningitis are ever present dangers, and not rare complications, of acute otitis media in infants.' This is not in keeping with the experience of the present writers. Patterson and 5 grains sodium citrate with 5 grains sodium bicarbonate were administered four-hourly for nine days. Urinalysis showed albumin and pus (40 cells per field). With this treatment the urine cleared in six days.
Comment
Owing to the small number of cases it is difficult to compare the different sulphonamides. The only case treated with sulphadiazine made a rapid recovery although there had been a severe infection previously treated unsuccessfully with sulphathiazole. On the other hand the case treated with alkalies alone made an equally rapid recovery. Three cases relapsed and in these the urine had never cleared completely. Although it is not always possible to obtain a daily specimen in infants, some indication of the efficacy of these drugs may be obtained by comparing the times taken for the urine -to become normal. With sulphapyridine this took seven days. Sulphathiazole was used on four occasions; the urine became normal in four and eight days respectively in two of the cases but was unaffected in the other two. With sulphadiazine the urine became clear in eight days but was possibly helped by the previous course of sulphathiazole. Sulphamezathine was used on two occasions and in one the urine took thirty-two days to become clear and in the other it was unaffected. The urine cleared in six days in the case treated with alkalies only. These results are inconclusive and further observation is necessary. Burns and Gunn (1944) (6) Submaxillary abscess-no effect, required incission later.
SULPHATHIAZOLE
There are five cases of skin sepsis in this group, which contains two premature infants and three mature infants. Two lost weight, two were stationary and one continued to gain. Four were pyrexial and in the two premature infants this was uncontrolled. In the other two cases temperature continued five and twelve days respectively. The two premature infants died. Two received two courses of the drug and the average amount given was 13 gm. Four were judged severe and one moderate. The cases in this group were treated with sulphonamide cream (5 per cent. sulphanilamide) applied locally. Five also had small amounts of sulphadiazine by mouth. The group consists of eleven infants among whom were three premature infants. Four lost no weight, three were stationary, two lost weight and two became too ill to be weighed. Only two were pyrexial, uncontrolled in one who died and lasting four days in the other. Of the eleven cases four died, two of these being premature infants. Three were judged severe, four moderate and four mild.
DESCRIPTION OF CASES
Seven were thought to be pemphigus and in five of these staphylococcus aureus was grown from the blebs. There was one death, a premature infant. The remaining four were cases of septic spots affecting mainly the face and scalp. One also had right mastitis which required incision. There were three deaths, one a premature infant. Staphylococcus was grown in two of these cases. In the pemphigus group the response was good, the condition being much improved in two to four days and healed in six to thirteen days. In the case which died the eruption was extensive and no apparent effect took place. It will be noticed that only three cases were considered severe although four died. In the remaining infant who died the skin sepsis was mild and as post-mortem examination was refused the exact cause of death is not known.
POST-MORTEM FINDINGS. Permission was obtained only in one case, the pemphigus who died, In addition to the pemphigus and prematurity bronchopneumonia affecting both lower lobes was found.
Comment
In the sulphadiazine group a satisfactory response took place when there was no pus formation and when discharge of pus was free. But in the presence of an actual abscess no response was observed. The sulphathiazole group was more severe, but nevertheless the response was not so good as with 34 group.bmj.com on November 7, 2017 - sulphadiazine. The local treatment of pemphigus with sulphonamide cream is usually very satisfactory but in the scalp type of infection described the response was poor. Troup and White (1939) described one case of pemphigus, treated with sulphapyridine by mouth, which was cured in five days.
Discussion
In addition to the comments at the end of each section, certain general considerations deserve mention. The success of treatment depends partly upon accurate diagnosis, and the difficulties of diagnosis in infancy are well known. In attempting to assess the results of treatment the attitude of the clinician with regard to the interpretation of clinical signs exerts a great influence. Parenteral infection is common and is responsible for many symptoms which have hitherto been ascribed to quite other causes. The term 'gastroenteritis' is often used incorrectly, since evidence ofparenteral infection can so often be found; the main difficulty in diagnosis is the crudeness ofmethods ofclinical examination. We believe that certain forms of parenteral infection give rise to a symptomatic diarrhoea and vomiting with accompanying dehydration. Others take the view that the illness begins as an enteral infection of obscure etiology and that parenteral infection is a secondary phenomenon. In such cases, e.g. otitis media and mastoiditis, the type of treatment, and therefore its success or failure, depends upon which of these views is the correct one. It may be suggested that the figures described in the present series constitute a strong argument against the parenteral theory of etiology (see table 5 ). Assuming for the purpose of discussion that the parenteral theory is the true one, why is the incidence of diarrhoea and vomiting in the pneumonia and bronchitis groups so much less than in the others? This is a difficult question to answer and various factors are involved.
(1) The general state of health of the infant at the time when it is assailed by the infection is of great importance. (2) Infants, no less than adults, show individual differences and some manifest greater hydrolability than others. As Alexander and Eiser (1944) put it, 'Quite often the whole clinical picture is most suggestive of an upset caused by some trigger mechanism setting up the disproportionately violent reaction of diarrhoea and vomiting which eventually marches on its way to a fatal outcome, regardless of the triviality of the first provoking factor.' In other words the trigger is more easily pressed in some than in others. (3) Diarrhoea and vomiting are commoner in some infections than in others and this seems to depend on the site of the infection. The more 'enclosed', if such an expression can be .used, the infection is the more likely are these symptoms to occur, e.g. otitis media, mastoiditis and pyelitis. These theories may seem rather far-fetched but no more so than to maintain, in spite of persistently negative pathological and bacteriological findings in the gastrointestinal tract, that gastroenteritis is due to some enteral infection which has so far eluded detection.
The problem is by no means settled and in assessing the results described this background must be kept in mind. The subject is worthy of much further investigation. 
